Stenosis or obstruction of the lacrimal drainage system is a common pathologic condition in old age and is the main cause of epiphora, a chronic recurrent conjunctival disease. Objectives: To identify the relationship between surgical success rate and preoperative nasal mucosal thickness around the lacrimal sac fossa, as measured using computed tomography.
The known risk factors for failure in EN-DCR include history of chronic recurrent sinusitis, concurrent nasal or sinusoidal infection, and nasal mucosal thickness. [6] [7] [8] Some reports found a correlation between EN-DCR and histologic findings from the nasal mucosa; however, there have been no radiologic investigations into the correlation between EN-DCR and nasal mucosa anatomy. [9] [10] [11] [12] The aim of this retrospective study is to investigate the correlation between preoperative nasal mucosal thickness around the lacrimal sac fossa as measured using computed tomography (CT) and surgical results of EN-DCR in primary nasolacrimal duct obstruction patients.
MATERIALS AND METHODS
The medical records of 27 patients (33 eyes) who underwent EN-DCR at Kosin Gospel Hospital after diagnosis of primary nasolacrimal duct obstruction between January 2011 and December 2014 were reviewed in this Institutional Review Board-approved study. All patients were followed for at least six months.
Primary nasolacrimal duct obstruction diagnoses were made using slit-lamp examination, dacryocystography, nasal endoscopy, and facial CT. Other causes of nasolacrimal duct obstruction were ruled out. Patients with secondary nasolacrimal duct obstruction, common canalicular obstruction, previous nasal cavity surgery history, or any epiphora-causing disease of the eyelid, punctal, canalicular, or ocular surface were excluded. All patients who have allergic rhinitis, sinusitis etc. were also exclude due to possibility of causing mucosal inflammation which can change the thickness of nasal mucosa.
All surgical procedures were performed by the same surgeon using a single method, with the patient under general anesthesia. Gauze soaked with 0.1% epinephrine was packed into the nasal cavity to decongest the nasal mucosa for 10 minutes.
The packed gauze soaked with epinephrine was removed, lacrimal puncta were dilated with a punctal dilator, and then a 23-gauge vitrectomy illuminator tip was inserted through the upper or lower punctum to the lacrimal sac. After identifying the location and extent of the lacrimal sac, the surgeon fixed the illumination tip.
A local anesthetic with 1% lidocaine and 1:100,000 epinephrine was injected into the nasal mucosa using a 25-gauge needle. The nasal mucosa of the transilluminated area around the lacrimal sac fossa was cleared using a crescent blade and ethmoidal forceps. Exposed bone composed of lacrimal and maxillary bone was removed with a Kerrison punch. Exposed lacrimal sac under the lacrimal sac fossa was incised with a crescent knife and resected with ethmoidal forceps using a vitrectomy illuminator. If an uncinate process covered the operation site, unciformectomy was performed to sufficiently expose the lacrimal sac.
The ostium was dilated to > 10 mm in diameter.
Bicanalicular silicone intubation was performed after identifying the patency of the bypass using a Bowman probe, and a silicone-tube knot was placed in the nasal cavity.
All patients were instructed to routinely use fluticasone furoate nasal spray twice per day for two weeks and 0.1% fluorometholone and 0.5% levofloxacin eye solution four times per day for a month. Nasal cavity cleaning was performed to remove blood clots and debris. Postoperative assessments were conducted at 1 and 2 weeks and 1, 2, 4, and 6 months, and silicone tubes were removed at postoperative three month.
We checked for symptom improvements at ev- The results were analyzed using SPSS for Windows, version 18 (SPSS Inc., Chicago, IL, USA).
According to the characteristics of the data, the variables were assessed with either the Chi-square test or the Mann-Whitney U test. Differences were regarded as statistically significant if the p-value was < 0.05.
RESULTS
We reviewed a total of 27 female patients (33 eyes). The mean patient age was 61.42 ± 12.42 years ( Table 1) . The final success rate was 75.75% (8/33) , and the causes of the eight surgical failures were granulation of the ostium (5 eyes) or nasal mucosal synechiae around the ostium (3 eyes; Table 1 , Fig. 2 ).
In the successful group, mean nasal mucosal thicknesses adjacent to the lacrimal sac fossa were 1.98 ± 0.65 mm (anterior), 1.83 ± 1.08 mm (middle), and 2.67 ± 1.08 mm (posterior). In the failed group, mean nasal mucosal thicknesses Values are presented as mean ± SD unless otherwise indicated. * Mann-Whitney U test † P < 0.05 Table 2 . Mucosal thickness around the lacrimal fossa in operated and non-operated eyes. The posterior nasal mucosa was significantly thinner in the operated eyes compared to the non-operated eyes (Table 4 , Fig. 3D ).
DISCUSSION
Previous studies have reported that skillfulness of the operator, presence of sinusitis, history of inflammation, and operation-site infections are risk factors for EN-DCR failure. 6, 7, 13 However, a more recent long-term follow-up study explored the causes of failure at the mucosal-cell level, in which they found that the main cause of EN-DCR failure was complications affecting the nasal mucosa around the osteotomy site. 8 They further reported that complications from EN-DCR after three months were mainly associated with the nasal mucosa, and included factors such as scar formation around the osteotomy site, adhesion of the middle turbinate and nasal septum, and granuloma formations. 6, [14] [15] [16] These complications are Values are presented as mean ± SD unless otherwise indicated. * Mann-Whitney U test heat-shock protein 47, which activates the myofibroblasts in the nasal mucosa and induces fibrosis of mucous membranes, increases the degree of inflammation in the nasal mucosa, which is a risk factor for surgical failure. 20 As mentioned above, the nasal mucosa plays a very important role in the development and treatment of nasolacrimal duct obstruction. However, there are no imaging studies of the nasal mucosa, despite it being the main cause of surgical failure. Previous imaging studies that explored obstruction of the nasolacrimal duct and dacryocystorhinostomy were performed only on the nasolacrimal duct, which is mainly composed of bones, the adjacent nasal septa, and sinuses. [21] [22] [23] This is the first imaging study to investigate the relationship between nasolacrimal duct obstruction and nasal mucosa.
Our results showed that nasal mucosal thickness posterior to the lacrimal fossa was thinner in the failed group than in the successful group, which is thought to be the result of prolonged inflammation. All subjects had primary nasolacrimal duct obstruction caused by chronic inflammation and fibrosis of the nasal mucosa. The uncinate process is located in front of the middle turbinate and is a plate-shaped bone structure covered with mucosa. In some cases where the uncinate process covers the lacrimal fossa, partial uncinectomy might be necessary.
Severe complications do not occur frequently in uncinectomy cases, and the surgical success rate is higher. 14, [27] [28] [29] [30] Uncinate processes adjacent to the mucosa around the lacrimal fossa are one of the factors that can influence nasal mucosal thickness. Herein, we found no significant differences in the location of the uncinate process between the successful and the failed groups; also, there was no difference in thickness of the nasal mucosa around the lacrimal fossa depending on the position of the uncinate process.
Although the success rate of EN-DCR has been reported differently in many studies, the success rate of the same method as this study has been reported from 82.4% to 92.8%, [31] [32] [33] [34] [35] In this study, the success rate was somewhat low (75.5%), which is due to differences in patient selection and in surgical success criteria. Before selecting the patient to be taken EN-DCR, we checked the epiphora, lacrimal irrigation and dacryocystog- report, but further studies will be needed for more patients. The second is the cutting length error.
In our hospital, the facial CT acquires the image section 2 mm. Measuring the length based on the section cut in 2 mm increments can not accurately measure the thickness change between the sections, which can cause errors, 37 MRI or orbital CT can be taken to obtain a thinner cross-section, but this study is limited due to its retrospective design. And considering the MRI or orbital CT, the former provides a higher resolution for viewing soft tissue, but at a higher cost, the latter is considered a more realistic alternative.
There are some patients show no change on nasal mucosa, even though there is nasolacrimal duct obstruction. In this study, we found just the 
